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A B S T R A C T

Objectives. This study determined
whether the physical and psychosocial
demands of work are associated with low
back pain.

Methods. A case–control approach
was used. Case subjects (n = 137) re-
ported a new episode of low back pain to
their employer, a large automobile man-
ufacturing complex. Control subjects
were randomly selected from the study
base as cases accrued (n=179) or were
matched to cases by exact job (n=65).
Individual, clinical, and psychosocial
variables were assessed by interview.
Physical demands were assessed with di-
rect workplace measurements of subjects
at their usual jobs. The analysis used
multiple logistic regression adjusted for
individual characteristics.

Results. Self-reported risk factors
included a physically demanding job, a
poor workplace social environment, in-
consistency between job and education
level, better job satisfaction, and better
coworker support. Low job control showed
a borderline association. Physical-measure
risk factors included peak lumbar shear
force, peak load handled, and cumulative
lumbar disc compression. Low body mass
index and prior low back pain compen-
sation claims were the only significant in-
dividual characteristics.

Conclusions. This study identified
specific physical and psychosocial de-
mands of work as independent risk fac-
tors for low back pain. (Am J Public
Health. 2001;91:1069–1075)
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Low back pain remains the predominant
occupational health problem in most indus-
trialized countries, accounting for about 20%
to 30% of all worker’s compensation claims
and up to 50% of all direct compensation
costs.1–4 The absence of any definitive diag-
nostic procedure, combined with the sub-
stantial functional impairment and costs that
often accompany the condition, has produced
a climate of uncertainty regarding not only
the presence of pain itself but also its attribu-
tion to the work environment.5–7 A number of
recently published papers draw contradictory
conclusions regarding the importance to low
back pain of work in general, and the physi-
cal demands of work in particular.8–11 Previ-
ous studies of low back pain have been criti-
cized as being too narrowly focused on only
1 or perhaps 2 of the categories of individual,
physical (biomechanical), and psychosocial
aspects of the problem.12 Moreover, direct
workplace measures of biomechanical vari-
ables in individual study subjects have rarely
been used.

The main aim of this study was there-
fore to determine which of the work-related
biomechanical and psychosocial factors mea-
sured were associated with an increased risk
of reporting low back pain, after control for
differences in individual worker characteris-
tics, such as prior low back pain history.

Methods

Study Setting and Subjects

Participants were recruited from a study
base of approximately 10000 unionized em-
ployees of a modern automobile production
complex that manufactures passenger cars
and light trucks. All hourly-paid workers (i.e.,
assembly and nonassembly workers) were el-
igible to participate.

Case subjects were defined as workers
reporting a new episode of low back pain to
one of the on-site occupational nursing sta-
tions. Case subjects were not required to file
a worker’s compensation claim or to be ab-
sent from work. Subjects were ineligible if
they had reported a similar low back pain in-
cident in the last 90 days. A total of 324
worker reports of low back pain were recorded
at the clinics over the study time frame, with
56 subjects (17%) refusing to participate and
83 (26%) ineligible or not contacted. Of the
remaining 185 subjects, 48 did not complete
the study, leaving 137 enrolled as cases. When
adjusted for ineligibility, the case participa-
tion rate was estimated to be 61%.

The main control group consisted of
workers randomly selected (unmatched) from
the same study base as the case subjects. A
total of 460 eligible workers were contacted,
of whom 207 (45%) agreed to participate.
When late dropouts are accounted for, a total
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of 179 workers (39%) formed the main con-
trol group. A second control group was also
recruited, with controls matched to cases by
the actual job performed (not job title). In ad-
dition to providing insight into whether the
presence of back pain may have biased ques-
tionnaire responses, this matched control
group provided proxy biomechanical data for
case subjects for whom no job assessment
was possible (n = 20). Of the 108 eligible
matched control subjects contacted, 65 (60%)
agreed to participate.

Data Collection

Data were collected with an in-home,
interview-assisted questionnaire and a detailed
worksite assessment of the physical demands
of each worker’s normal job. Subjects were
not paid for their participation, either directly
or through time off work for the interviews.

Physical demands assessments. The
study used a hierarchy of complementary
methods for the physical demands assess-
ments, including a self-report questionnaire of
physical loading at work; a detailed observer
checklist that included a job-task breakdown
and a separate loading analysis for each job
component; a work sampling technique in
which posture, hand position, hand force di-
rection, and amplitude were randomly sam-
pled over an extended period; a digital video
analysis system that provided detailed kine-
matic trunk posture data; and a direct muscle
monitoring approach using a 4-channel por-
table electromyography system monitoring
erector spinae musculature bilaterally at T9
and L3 levels. A 15-segment, 2-dimensional,
quasi-dynamic biomechanical model was
used to generate spinal loading estimates from
joint coordinate and hand load input data col-
lected in the field.13 Measures were designed
to result in directly comparable units of ex-
posure, whenever possible.14

To limit type I (α) error, the analysis pre-
sented here used a reduced set of biomechan-
ical variables, based on expert consensus be-
fore the study.The variables examined included
the following: 2-dimensional quasi-dynamic
biomechanical model estimates of peak and
cumulative moment of force about the L4/L5
spinal juncture, lumbar disc compression, and
shear forces in the lumbar spine; direct mea-
sures of the peak force handled; computerized
videotape analysis of back posture using dis-
placement and percentage of time exposed;
and body motion variables assessing trunk flex-
ion and extension velocity and frequency of
trunk movements. A complete description of
the biomechanical model and assessment pro-
cedures used has been published elsewhere.15

Interview-assisted questionnaire. The 4
main subscales from the core version of the

Job Content Instrument16—job control, psy-
chological job demands, supervisor support,
and coworker support—formed the basis for
our questionnaire. We used the original Job
Content Instrument items for these scales, with
revised Swedish quantitative response options
ranging from “often” to “never” rather than
the original options of “strongly agree” to
“strongly disagree.”17 Two other scales based
on items related to the Job Content Instrument
were formed: self-identity through work and
a workplace social environment scale. Per-
ceptions of job satisfaction,18,19 education rel-
ative to others doing the same job, worker em-
powerment,20 and personal locus of control21

were also assessed. Psychophysical demands
were assessed twice: by combining 2 items
from the Job Content Instrument—“My job
requires a lot of effort” and “My job requires
rapid and continuous physical activity”—and
by the Borg scale.22 Additional data collected
during the interview included health-related
quality of life from the Medical Outcomes
Study 36-item short form (SF-36) and back
pain–specific functional measures from the
Roland and Morris disability scale.23,24A sim-
ple physical examination was also adminis-
tered. Complete methodologic details can be
found elsewhere.25

Analytic Methods

Mean group values were compared by
either Student t tests for unmatched data or
paired t tests for matched sets. Binary and
categorical data were compared by χ2 tests.
Multiple logistic regression with a backward
deletion approach26 was used to determine
odds ratios and their 95% confidence inter-
vals. Variables were not removed if they
changed estimated coefficients for any of the
significant model terms by more than 10%.27

Terms for the potential confounders age, body
mass index, marital status, smoking, having
preschool children, and prior history of low
back pain compensation claims were added to
all models. Analysis of agreement between
the paired cases and job-matched controls
was done with Stratford’s modification of
Shrout and Fleiss’s intraclass correlation
method.28,29

All computerized analyses were per-
formed with SAS, Version 6.12.30,31 For con-
tinuous variables, odds ratios are based on
the interquartile range (i.e., the 75th percen-
tile to the 25th percentile) from the random
control distribution.32 Of the 137 cases re-
cruited, 105 (77%) had biomechanical data,
either from assessment of their own job (n=
85) or from assessment of a job-matched
proxy (n=20). For the random controls, 130
of 179 (73%) had biomechanical data. There
were few or no missing questionnaire data.

Results

Individual Worker Characteristics

There were few statistically significant
differences between cases and controls
(Table 1). As expected, the extent of low back
pain was markedly different, with mean val-
ues of the Roland andMorrisdisability scores
for the cases and controls falling within val-
ues expected for low back pain patients and
for the general population, respectively. Cases
were also more likely than controls to have
had a prior compensation claim for low back
pain. Cases also had markedly lower SF-36
physical scores but showed little difference
on the mental health scores. More detailed in-
formation about the subject population can
be found elsewhere.25

Risk Factor Analysis

When we examined the variables individ-
ually, we found that all measured biomechan-
ical variables, except a measure of low (static)
loading, showed significantly higher exposure
levels for cases than controls. Such consistency
was not observed for comparisons of the indi-
vidual self-reported psychosocial factors. Some
factors, such as higher levels of psychological
work demands, were associated with increased
low back pain risk, as expected, while other fac-
tors showed associations in unexpected direc-
tions. For example, cases had higher ratings
than controls for job self-identity and slightly
better coworker support and job satisfaction
scores. Finally, several factors, including job
control, showed no statistical association with
low back pain in the bivariate analysis.

Multivariate logistic regression analysis
(Table 2) revealed several biomechanical and
psychosocial factors that were significantly re-
lated to reporting low back pain at the study
site.The measured biomechanical risk factors
identified were peak shear force, peak hand
force, and the compressive forces accumulated
in the lumbar discs over a full shift. The self-
reported risk factors identified included worker
perceptions of the following: a physically de-
manding job, a poor workplace social envi-
ronment, and a higher education level relative
to others holding similar jobs. It is interesting
to note that although no bivariate relationship
was seen for job control, there was a sizeable,
albeit not quite statistically significant, rela-
tionship observed after adjustment for the other
study variables, in particular the measured
physical demands of work. Similarly, the mul-
tivariate regression coefficients for job satis-
faction and coworker support became statisti-
cally significant (P<.05); workers who were
more, not less, satisfied and those who had bet-
ter, not worse, coworker support were some-
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TABLE 1—Population Characteristics In Study of Risk Factors for Low Back
Pain (LBP) at Work

Continuous Case (n=137), Control (n=179),
Variables Mean (SD) Mean (SD) P (t Test)

Age, y 41.1 (8.5) 41.5 (8.2) .63
Height, cm 177.2 (7.1) 176.2 (7.0) .23
Weight, kg 83.6 (14.2) 83.4 (13.3) .87
Body mass index 26.6 (3.9) 26.8 (3.9) .60
Back pain disability (Roland 11.7 (7.0) 2.5 (5.0) .001*

and Morris scale)
SF-36 physical health index 34.5 (9.9) 49.2 (8.6) .0001*
SF-36 mental health index 52.2 (9.1) 54.0 (8.6) .06

Case Control
Categorical Variables (n=137), n (%) (n=179), n (%) P (χ2)

Male sex 126 (92) 166 (93) .80
Current smoker 62 (45) 75 (42) .55
Main wage earner 112 (82) 141 (79) .51
Preschool children at home 29 (21) 34 (19) .63
Married 104 (77) 151 (85) .06
Prior compensation claim for LBP 70 (51) 57 (32) .001*
Alcohol consumption (drinks) 

in past year .70
None 16 (12) 17 (9)
Occasionally 30 (22) 41 (23)
1–2 per month 22 (16) 26 (15)
1–2 per week 43 (31) 69 (39)
1 per day 19 (14) 21 (12)
>1 per day 7 (5) 5 (3)

Highest completed education level .71
<High school 42 (31) 51 (29)
High school 63 (46) 79 (44)
>High school 32 (23) 48 (27)

Type of occupation in auto complex .74
Production operator (assembler) 69 (50) 88 (49)
Support worker 33 (24) 41 (23)
Maintenance worker 15 (11) 16 (9)
Utility worker 20 (15) 34 (19)

Note. SF-36=Medical Outcomes Study 36-item short form.
*P value of statistical test assessing group difference < .05.

what more likely to report low back pain. Our
final model emphasizes the complex interre-
lationship between the biomechanical and psy-
chosocial work environments.27

The statistical properties of the final re-
gression model examined were as follows: (1)
the Hosmer–Lemeshow32 goodness-of-fit χ2

8
was 8.73 (P=0.37); (2) the area under the re-
ceiver operating characteristic curve33 was 0.84;
and (3) Nagelkerke’s adjusted R2 estimating
the amount of variance explained by the
model34 was 0.43. Respectively, the 3 tests
show that use of the logistic model was ap-
propriate, that the study’s final statistical model
correctly identifies most cases and controls,
and that it also accounts for a large portion of
the observed differences between cases and
controls.

To determine the relative explanatory
power of the different types of risk factors, we
compared the regression parameters for logis-
tic regression models restricted to terms from
each of the key study domains—individual,

psychosocial, psychophysical, and biome-
chanical. To ensure comparability, we restricted
these models to the group of subjects with data
on all terms examined in the final model
(cases=97, controls=124). The criteria used
were the –2 log likelihood (–2LL) χ2 for co-
variates only and the adjusted R2 statistic
(Table 3). The results of these comparisons in-
dicate that, as a group, the directly measured
biomechanical variables in the final model ac-
counted for more of the explained variance
than the terms in each of the other restricted
models. If self-reported physical demands is
combined with the terms for the measured bio-
mechanical factors into an overall physical de-
mands model, the adjusted R2 statistic increases
substantially (from 0.183 to 0.314), as do the
–2LL values (from 32.47 to 59.09). The dif-
ferences in the regression statistics between
the models in Table 3, particularly the differ-
ence in the –2LL between the models with and
without the physical demands terms, clearly
indicate the large contribution that these vari-

ables are making to the final model and there-
fore to the reporting of low back pain.

Agreement Between Data From Cases
and Job Matches

It is possible that low back pain could af-
fect perceptions about work or the way that
work is performed, a possible source of bias
that could influence the results from the risk
factor analysis. No significant differences were
found between matched sets of people in the
same jobs with and without low back pain for
any of the directly measured variables. The av-
erage intraclass correlation coefficient was 0.6,
indicating good overall agreement, which was
to be expected given that the matching criteria
focused on the physical demands of the job.29,35

Observedagreementwasmuchweakerfor
thepsychosocialvariables(Table4),withnoneex-
ceeding even the average level observed for the
physical demands measures. In fact, a gradient
wasseen,withthosevariablesmostdirectlylinked
to work, such as job control and psychophysical
exertion, showing the best agreement, and those
variables more related to personal characteris-
tics, suchasmasteryandsocial relations,having
the least agreement.While it is evident thatpair-
wise agreement was limited, the average differ-
ence between responses for cases and matches
was also marginal; for only 3—the Borg scale,
empowerment,andpsychologicaljobdemands—
wasthereevidencetosuggest thatcasesprovided
systematicallydifferent responses thancontrols.
Notably, none of these 3 variables remained in
thestudy’sfinalstatisticalmodel,suggestingthat
our main findings are not strongly affected by
bias from the injury process.

Discussion

Previous studies of low back pain have
been criticized as being too narrowly focused
on only 1 or perhaps 2 of the categories of in-
dividual, physical (biomechanical), and psy-
chosocial risk factors.12,36 The data collection
protocol for this study was specifically de-
signed to be comprehensive, using a variety of
methods to collect individual, clinical, biome-
chanical, and psychosocial data.

Interpreting the Biomechanical Results

Our finding that peak hand loading is as-
sociated with low back pain is consistent with
findings from other published studies; direct
comparisons between the studies are difficult,
however, because the exposure ranges used
to determine risk estimates vary consider-
ably.37 Peak lumbar shear force proved to be
a robust risk factor, as did cumulative lum-
bar disc compression. There is substantial lab-
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TABLE 2—Results From the Final Study Regression Model of Risk Factors for Low Back Pain (LBP) at Work (97 Cases,
124 Controls)

Interquartile Range
OR 95% CI Used for OR Estimate

Individual characteristics
Age, y 1.0 0.54, 1.74 12 years
Smoking (cigarettes, yes/no) 1.3 0.64, 2.60 N/Aa

Marital status (married, yes/no) 1.3 0.53, 3.32 N/Aa

Preschool children at home (yes/no) 0.9 0.33, 2.46 N/Aa

Body mass index 2.0* 1.20, 3.58 4.8 units (cases lower)
Prior compensation claim for LBP (yes/no) 2.2* 1.07, 4.43 N/Aa

Workplace—psychosocial
Lower workplace social environment score 2.6* 1.30, 5.42 3 units (cases lower)
Higher education relative to others in similar jobs 2.2* 1.05, 4.92 N/Aa

Lower job control 2.0 0.93, 4.28 32 units (cases lower)
Higher job satisfaction 1.7* 1.15, 2.48 1 unit (cases higher)
Higher coworker support 1.6* 1.07, 2.32 2 units (cases higher)

Workplace—psychophysical: higher perceived exertion at work 3.0* 1.79, 5.36 2 units (cases higher)
Workplace—biomechanical

Higher peak lumbar shear 1.7* 1.02, 2.86 190 N (cases higher)
Higher cumulative lumbar disc compression 2.0* 1.22, 3.59 4.6�106 N·s/shift (cases higher)
Higher peak hand force 1.9* 1.21, 3.10 17 kg (cases higher)

Note. OR=odds ratio; CI=confidence interval; N/A=not applicable. The ORs for the continuous variables are expressed in relation to the
spread of the interquartile range from the random controls. “Units” in last column refers to subscale scores for self-reported variables.

aDichotomous.
*P<.05.

TABLE 3—Relative Contributions of Different Risk Factor Domains to Low Back Pain at Work (97 Cases, 124 Controls)

Model �2LL χ2 for Covariates P (df ) Adjusted R2

Individual characteristics: body mass index, prior compensation 7.92 .019 (2) 0.047 
claim for LBP

Workplace—psychosocial: workplace social environment, education 19.89 .0013 (5) 0.115
relative to others, job control, job satisfaction, coworker support

Workplace—psychophysical: perceived exertion at work 20.39 .001 (1) 0.118
Workplace—biomechanical: lumbar shear, cumulative lumbar 32.47 .0001 (3) 0.183 

disc compression, hand force
Workplace—physical demands: perceived exertion at work plus lumbar 59.09 .0001 (4) 0.314

shear, cumulative lumbar disc compression, hand force
Full model (as shown in Table 2) 85.93 .0001 (15) 0.432

Note. �2LL=�2 log likelihood. The variables included in each model are the same as those in Table 2. All models include the same subjects
to ensure comparability between models. �2LL estimates are from comparisons with null models.

oratory evidence demonstrating the adverse
effects of these variables in vitro, although
there is very little epidemiologic evidence to
support these laboratory findings.38 Shear
forces in the anterio-posterial direction act
transversely across the lumbar spine to resist
the tendency of the top parts of the torso to
slide forward relative to the lower parts. Re-
sistance is provided by facet joints, by discs,
and, if the lordotic curve is not completely
lost, by spine extensor muscles.39,40 Elevated
spinal shear can result from a forward-inclined
torso, particularly with loads in the hands, or
from pulling actions in an upright posture.
While the clinical relevance of shear forces
remains unclear, they may be resisted prima-
rily by the facet joints of the vertebrae, which
are known to have abundant pain receptors.38

Shear forces could also initiate new inflam-

mation or aggravate existing problems in the
facet joint region, including the annular fibers
of the discs.15 Our finding that peak hand load
and spinal shear are risk factors for low back
pain is in general agreement with the recent
critical review of the work-relatedness of mus-
culoskeletal factors prepared by the US Na-
tional Institute for Occupational Safety and
Health (NIOSH).41 As a final note on peak
shear force, other analyses of our data have
shown that peak compression can be substi-
tuted for shear with little loss of model ex-
planatory power, reflecting the high correla-
tion between these 2 factors (r=0.83).15

Although there is considerable biome-
chanical evidence linking disc compression
with vertebral damage,38–40,42 we found only 1
epidemiologic study that used disc compres-
sion estimates from individual subjects with

and without low back pain.43 In that study, no
significant effect for disc compression was
observed, although compression estimates
were available for relatively few subjects. The
authors did, however, report a strong associa-
tion for nonneutral trunk postures. The reverse
was true for our study, possibly because we
developed our final model using terms for the
compression and shear estimates as well as
the posture variables. Since increased spinal
forces are a consequence of nonneutral pos-
tures, this probably left little explanatory power
for the posture variables in the model, hence
their elimination.42 The mean peak compres-
sion estimate of 3402 N and 2744 N observed
for cases and controls, respectively, indicate
significant exposure to disc compression in
our study, given that 3400 N is the NIOSH
“action limit.”44 Finally, whereas our study did
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TABLE 4—Intraclass Correlation Coefficients (ICCs) and Mean Differences in Scores Comparing Case Subjects and 
Job-Matched Controls for Self-Reported (Psychosocial) Variables, Ranked by ICC Values

Mean Pairwise
ICCa 95% CI Difference (%)b P (Paired t Test) nc

Job control 0.59 0.53, 0.64 4.3 (8.0) .04* 64
Physical exertion (JCI) 0.43 0.36, 0.49 0.2 (3.3) .27 65
Borg scale 0.42 0.34, 0.48 1.0 (11.8) < .01* 65
Empowerment 0.40 0.32, 0.47 �0.9 (�7.2) .02* 65
Psychological job demands 0.37 0.29, 0.44 3.0 (9.8) < .01* 65
Supervisor support 0.21 0.13, 0.29 �0.2 (�2.0) .66 63
Job self-identify 0.19 0.10, 0.27 0.9 (8.1) .04* 64
Job dissatisfaction 0.18 0.10, 0.26 �0.1 (�2.8) .58 65
Mastery 0.09 0.01, 0.18 0.3 (1.5) .5 65
Workplace social environment 0.08 0.00, 0.16 �0.2 (�1.4) .56 65
Coworker support 0.01 0.00, 0.07 �0.2 (�1.7) .56 61

Note. CI=confidence interval; JCI=Job Content Instrument.16

aVariables are placed in order of decreasing ICC value from top to bottom.
bNegative sign for mean difference between case and control pairs indicates that case subjects had lower scores than controls. Percentage is

mean difference calculated by dividing mean difference shown by the value of job-matched control mean.
cNumber of matched pairs in each analysis.
*P<.05 (systematic group differences).

find significant effects for some biomechan-
ical force estimates, it should be noted that our
2-dimensional biomechanical model is lim-
ited in its precision compared with the 3- and
4-dimensional models now available; thus, our
risk estimates may be low.

Interpreting the Psychophysical Results

It is important to note that although the
Borg scale rating of psychophysical demands
did not remain in the final model, the self-
reported physical exertion scale did, even with
the measured physical demands included in
the model. The perceived exertion scale not
only had the largest odds ratio estimate (3.0),
it also had the largest impact on the amount of
variance explained by the model. On the basis
of these results, it is possible that worker per-
ceptions about the physical demands of work
may be tapping into important but unmeasured
factors, such as aerobic demands, tissue toler-
ance, physical capacity, or individual work
style. As discussed earlier, cases reported
slightly higher scores on the Borg scale than
job-matched controls, but this possible bias
was not seen for the physical exertion scale
that remained in the final model (Table 4). This
reporting difference between the 2 scales may
be accounted for by the fact that the Borg scale
makes specific reference to the demands of
work on the body, whereas the Job Content In-
strument exertion scale does not; thus, the Borg
scale is more susceptible to reporting bias. The
fact that self-reported demands was an inde-
pendent factor over and above measured de-
mands of work suggests that the direct mea-
sures we used may not have captured all of the
variance associated with the overall physical

demands of work. The direct measures were,
for the most part, specific to the low back. A
more generic measure of physical demands,
like the exertion scale, might have been able
to account for some of this unexplained vari-
ance, and thus might have been retained in the
study’s final model.

Interpreting the Psychosocial Results

Although a significant association was
observed for the Job Content Instrument psy-
chological demands scale when it was exam-
ined alone, the significance of the association
disappeared once the self-rated physical de-
mands of work were controlled for in the mul-
tivariate analysis. This result, and other find-
ings not shown here (including those from
correlation and factor analyses), suggest that
this scale behaved as a measure more of phys-
ical than of psychological demands of work
in this setting. Further research on its utility
as a measure of psychological job demands
appears warranted, at least in settings with a
physically active workforce. Factor loading
patterns from a principal components analysis
did, however, support the use of the separate
scales for job control, coworker support, su-
pervisor support, empowerment, physical de-
mands, job dissatisfaction, and the workplace
social environment.

Our workplace social environment scale
combined 4 questions: Was it a pleasant work
environment? Was it free from conflicts? Were
workers subject to harassment? Was someone
available for helping out with job problems?
The strength of the association observed for
this scale appears to underline the importance
of providing employees with a positive work

environment. However, given that this scale
was newly developed for our study, further cor-
roboration of its relationship with low back
pain is needed. Our finding that case subjects
were more satisfied with work than were con-
trols is in direct contradiction to findings from
the Boeing study, a frequently cited cohort
study of predictors for low back pain among
airplane assembly workers, where job dissat-
isfaction was the only work-related predictor of
low back pain. These contradictory results may
indicate the instability of this variable’s effects
in different study settings.18 For both studies,
the proportion of subjects dissatisfied with
work was low (about 15%). Since the unex-
pected results for job satisfaction, and coworker
support, were evident in both the bivariate (un-
adjusted) and multivariate (adjusted) analyses,
overfitting of the final statistical model is un-
likely. Finally, our observed association be-
tween low back pain and a feeling of being
overeducated relative to workers in similar jobs
may provide support for status inconsistency as
a health risk factor.45

Study Limitations

While the number of statistically signifi-
cant terms in our final regression model sug-
gests that inadequate statistical power was not
a problem in our study, our results nonetheless
remain potentially susceptible to the biases pos-
sible in case–control studies. Of particular con-
cern were recall bias, since we collected data
from workers who had recently had an episode
of low back pain, and selection bias, since this
was an observational study. Recall bias was
limited by use of objective measures where
possible, especially for the physical demands
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of the job. For self-report data, our study was
designed to permit an examination of the agree-
ment between responses of cases and job-
matched controls; as previously mentioned,
this analysis indicated that our results were not
strongly influenced by potential recall bias. The
high level of agreement on the measured phys-
ical demands between the cases and their job-
matched controls in this study also does not
suggest a strong effect of injury on work
“style.” Further, for the effect for the physical
demands of work reported in our study to have
been overstated, one would have to assume that
cases had done their jobs in a more adverse
biomechanical way after their injury than be-
fore; the results observed for the measured bio-
mechanical variables would have to be con-
sistently heavier for cases than controls. This
appears to be a counterintuitive, if not im-
probable, notion. Moreover, there were no sig-
nificant differences between cases and job-
matched controls for any of the biomechanical
variables studied.35

As with any observational study, the po-
tential for selection bias also needs to be con-
sidered. We used several strategies to help pre-
vent this bias. Rather than sample at 1 point in
time and obtain a mixture of prevalent and in-
cident cases, we collected newly reported cases
of low back pain using existing occupational
health services. We also used incidence den-
sity sampling of controls and selected all sub-
jects from within a well-defined study base.
Medical confidentiality prevented us from re-
cruiting subjects directly from the nursing sta-
tions; therefore, log sheets and frequent dis-
cussions with the nurses were used to monitor
subject recruitment, again with no evidence of
systematic bias reported. In addition, a com-
parison of participating and nonparticipating
worker’s compensation claims showed no dif-
ferences in claim duration, age, or experience.
Finally, our subject participation rate is com-
parable to that in other workplace studies,
which, by their nature, must operate within an
environment that is intolerant of interference
with production. For example, in the Boeing
study, 75% of the workers initially agreed to
participate, with 52% of those agreeing (or
39% of those originally approached) returning
the study questionnaire.46

The Work-Relatedness of Low Back Pain

The data from our study affirm the ex-
istence of diverse work-related risk factors
for low back pain. While the case–control
nature of our study may limit its ability to
establish etiologic pathways, our results ap-
pear to clearly substantiate the multifactorial
nature of the condition. The odds ratios re-
ported are substantial for the biomechanical,
psychophysical, and psychosocial risk fac-

tors identified, even after a number of indi-
vidual characteristics believed to influence
low back pain are adjusted for. Our study
does not support the notion that the reporting
of low back pain is solely, or primarily, re-
lated to either biomechanical or psychoso-
cial factors.

Our results are clearly not in agreement
with those from the cohort study of Boeing air-
craft assembly workers, which did not find an
association for workplace physical demands
but did report an association with job satisfac-
tion.18,46 That study found no effect for physi-
cal demands measures, such as disc compres-
sion, possibly because it used group-level
estimates of exposure rather than data for in-
dividual workers, a strategy likely to increase
measurement error and thereby reduce study
power.12,47 In contrast, our study identified spe-
cific risk factors when using data from the
workplace biomechanical (physical demands)
assessments of individual subjects. We did not,
however, find any association between low
back pain and job title when we used a 4-level,
site-specific job classification system. Had
such a crude classification system been used to
represent the physical demands of the jobs in
our study, we would not have observed any re-
lationship between the physical demands of
work and low back pain.

Conclusions

This study supports the concept of a mul-
tifactorial etiology for occupational low back
pain. While we recognize that low back pain is
common in both working and nonworking pop-
ulations, our data strongly suggest a role for
workplace factors in the etiology of low back
pain reported at work. By using direct mea-
surements of biomechanical demands rather
than relying solely on the use of self-reported
loads or group-level measures such as those
based on job title, this study provides robust
estimates of the relationships between these
potentially modifiable demands and reporting
of low back pain at work. Our risk estimates
have also been adjusted for self-reported psy-
chosocial risk factors and other potentially con-
founding variables. Finally, the results of our
study show significant strengths of association
for work-related psychosocial and biome-
chanical variables, suggesting that workplace
efforts directed toward the primary prevention
of low back pain will be most effective if they
focus on both of these aspects of work.
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